Modification of tubulin cysteines by nitric oxide and nitroxyl donors alters tubulin polymerization activity.
The modification of reduced cysteines of proteins by nitric oxide alters protein function, structure, and potentially, interactions with downstream signaling targets. We assessed the effect of the S-nitroso compounds S-nitrosoglutathione and S-nitroso-N-acetyl-penicillamine, the NO donor 2-(N,N-diethylamino)-diazenolate 2-oxide, and the nitroxyl donor Angeli's salt on the cysteines of the abundant cytoskeletal protein, tubulin. Total cysteine modification by each compound was quantitated and compared to peroxynitrite anion, an oxidant that we have studied previously. Angeli's salt was most effective at modifying the cysteines of tubulin and at inducing the formation of tubulin interchain disulfide bonds followed by peroxynitrite anion, S-nitrosoglutathione, S-nitroso-N-acetyl-penicillamine, and 2-(N,N-diethylamino)-diazenolate 2-oxide. S-nitrosation of tubulin by S-nitrosoglutathione and S-nitroso-N-acetyl-penicillamine was detected by the Saville assay. Our data show that tubulin interchain disulfide bond formation by these molecules correlated with inhibition of tubulin polymerization. Closer examination of the reaction of tubulin with S-nitrosoglutathione showed a concentration-dependent shift in the type of cysteine modification detected. More tubulin disulfides were detected at lower concentrations of S-nitrosoglutathione than at higher concentrations, suggesting that reduced glutathione, generated by the reaction of S-nitrosoglutathione with tubulin cysteines, reduced disulfides initially formed by S-nitrosoglutathione.